Summary. -Virus isolates were obtained from three ramie samples (Boehmeria nivea L.) showing yellow mosaic symptoms collected in Jiangsu and Zhejiang provinces, China. Comparison of partial DNA-A fragments amplified with begomovirus universal primers PA/PB revealed that these viral isolates shared a high sequence identity. The complete DNA-A sequences of two isolates J4 and Z1 were determined to be 2736 and 2737 nts, respectively, sharing 94.7% nucleotide sequence identity with each other. Also, the DNA-B components were identified for J4 and Z1 isolates and comprised 2717 and 2719 nts, respectively, sharing 88.6% nucleotide sequence identity with each other. Furthermore, sequence alignment and phylogenetic analysis showed that J4 and Z1 isolates had the highest sequence identities (93.6-94.7%) with isolates of Ramie mosaic virus (RamMV) for DNA-A. These molecular data suggested that J4 and Z1 may be two different isolates of RamMV. This is the first report about the occurrence of a bipartite begomovirus in these regions of China. 
Introduction
Geminiviruses are plant viruses that are characterized by the small circular single-stranded DNA (ssDNA) genomes, encapsidated in twinned icosahedral particles (Lazarowitz, 1992) . Based on the insect vector, genome organization, and host range, the family Geminiviridae is divided into four genera Begomovirus, Mastrevirus, Curtovirus, and Topocuvirus (Fauquet et al., 2003) . Most geminiviruses belong to the genus Begomovirus. For the most part, they are emerging viral pathogens that infect dicotyledonous plants and are transmitted by the whitefly Bemisia tabaci. Many begomoviruses have a bipartite genome consisting of DNA-A and DNA-B component. Both components of the genome have a noncoding common region (CR) sequence of approximately 200 nts in length that is highly conserved among species (Hanley-Bowdoin et al., 1999) . However, a number of begomoviruses found in the Old World have only a single genomic DNA component equivalent to the DNA-A of the bipartite genome (Saunders et al., 2000) . Many monopartite begomoviruses are associated with a satellite DNA termed DNA β (Jose and Usha, 2003; Guo et al., 2008) .
In China, begomoviruses have been reported to infect a wide variety of crops, weeds, and ornamental plants Ma et al., 2004; Xiong et al., 2007) . In order to provide a better understanding of the genomic variation and evolution of begomoviruses in China, different plant species collected from the different parts of China were screened for viral infection. Here, we report the molecular characterization and identification of two RamMV isolates J4 and Z1 infecting ramie plants in Jiangsu and Zhejiang provinces, China.
Materials and Methods
Virus isolates. In 2008, virus isolates J4, J5, and Z1 were collected in Yixing, Jiangsu province and Yuhang, Zhejiang province of China, respectively, from the field ramie (Boehmeria nivea L.) samples exhibiting yellow mosaic symptoms.
Total DNA extraction, amplification, and cloning. Total DNA was extracted according to Xie et al. (2002) . PCR was performed from the total DNA using the degenerate primer pair PA and PB, which were designed to amplify part of IR, AV2 and AV1 genes of DNA-A . Based on the determined sequences, primer pairs J4F (5'-CATGTATCGGAAGCCCAAGATG-3') and J4R (5'-ATGGGCCTGTACGTCCAAGC-3') were designed to obtain the full-length DNA-A of J4 and Z1 isolates. To amplify the viral DNA-B components, the primers J4BF1 (5'-AGATTCACCGGTG GAGCTGT-3') and J4BR1 (5'-TCAGGGCATTCTTGGACACG-3') were designed to amplify a 706 bp fragment comprising the BV1 sequence. PCR products of the expected size were cloned and sequenced. Based on the partial DNA-B sequence obtained, the overlapping primers J4BF2 (5'-TTCCACTTTGCGCGTGCGTG-3') and J4BR2 (5'-AACACGCGCCCTTCTCCAGT-3') were designed for amplification of the entire DNA-B molecules of J4 and Z1 isolates. PCR products were purified and cloned into pGEM-T Easy Vector (Promega) and then sequenced using the automated model 377 DNA sequencing system (Perkin-Elmer).
Sequence analysis. Sequence data were assembled and analyzed with the aid of the DNAStar software version 6.0 and DNAMAN version 5.2.2 (Lynnon Biosoft). Similarity searches with begomovirus sequences were performed using BLAST (http://www.ncbi.nlm. nih.gov/). Multiple sequence alignments were performed by the CLUSTAL V method of MegAlign in DNAStar. The phylogenetic trees were obtained using the neighbor-joining method with 1000 bootstrap replications available in DNAMAN. Vertical branches are arbitrary, horizontal branches are proportional to calculated mutation distances. Bootstrap scores exceeding 50% are placed at major nodes; nodes lacking a score are considered dubious. The database Acc. Nos. of begomovirus DNA-A sequences used for the comparison and phylogenetic analysis were:
For the phylogenetic analysis and sequence comparisons of DNA-B, database Acc. Nos. of the sequences were: 
Results

Molecular characterization of DNA-A
The 500 bp partial DNA-A fragments of isolates J4, J5, and Z1 amplified by the degenerate primers were sequenced. Alignment of the resulting sequences (GenBank Acc. No. FN396969, FN396971, and FN396973, respectively) showed that nucleotide sequence identities ranged from 91.6 to 99.2% among these isolates. Then, the isolates J4 and Z1 were chosen at random for a full-length DNA-A sequencing. The complete DNA-A sequences of J4 and Z1 isolates were 2736 and 2737 nts in length, respectively. Both DNA-A of J4 and Z1 had a genomic organization of a typical begomovirus encoding two ORFs (AV1 and AV2) in the virion-sense DNA and four ORFs (AC1, AC2, AC3, and AC4) in the complementary-sense DNA separated by IR. The IR had a putative stem-loop structure with the conserved nonanucleotide sequence TAATATTAC in the loop. The complete DNA-A sequence identity between J4 and Z1 was 94.7% (Table 1) .
Sequence similarity search showed that J4 and Z1 DNA-As had the highest sequence identities (93.6-94.7%) with the isolates of Ramie mosaic virus (RamMV-[F3], Acc. No. EF125190 and RamMV-[Hn], Acc. No. NC_010792). When individual proteins were compared among the different RamMV isolates, high amino acid sequence identities were found for AV1, AV2, AC1, AC2, and AC3, while relatively lower sequence identity was found for AC4 (Table  1) .
Molecular characterization of DNA-B
The isolates and RamMV-[Hn] were reported to be bipartite begomoviruses, so primer pairs J4BF2/J4BR2 were designed based on the two DNA-B sequences. The DNA-B components were obtained from the ramie samples. The complete DNA-B sequences of J4 (Acc. No. FN396970) and Z1 (Acc. No. FN396972) were determined to be 2717 and 2719 nts, respectively. Each sequence possessed two ORFs, one (BV1) in the virion-sense DNA and the other (BC1) in the complementary-sense DNA, separated by an IR containing a CR region shared with DNA-A. The CR had a putative stem-loop structure with the conserved nonanucleotide sequence TAATATTAC in the loop. The nucleotide sequence identities between the CRs of DNA-A and DNA-B of J4 and Z1 isolates were 99% and 96%, respectively. The DNA-B sequence identity between J4 and Z1 isolates was 88.6% (Table 1) . Furthermore, J4 and Z1 isolates shared high amino acid sequence identities for BV1 (97.5%) and BC1 (97.1%).
BLAST search in the GenBank database showed that J4 and Z1 DNA-Bs were most closely related to those of RamMV- [Hn] and , with 88.0-91.2% nucleotide sequence identities, respectively. When individual encoded proteins were compared among the different RamMV isolates, J4 had the highest amino acid sequence identities with RamMV-[F3] for BV1 (98.6%), RamMV-[Hn] for BC1 (98.9%) ( Table 1) .
Affinities to other begomoviruses
The phylogenetic analysis based on the DNA-A and DNA-B nucleotide sequences of J4, Z1, and other previously reported begomoviruses was shown in Fig. 1 . In accordance with the relationships predicted by DNA-A sequence comparisons (Table 1) , DNA-A of J4 and Z1 isolates clustered together with those of , RamMV-[Hn] , and ToLCHV, and were distantly related to other begomoviruses (Fig. 1) . A similar relationship appeared in the phylogenetic tree based on the DNA-B nucleotide sequences.
Discussion
Since 2006, monopartite begomoviruses were detected in field-grown tomato showing yellow leaf curl disease in several regions of Zhejiang province, China (Mugiira et al., 2008) . However, to date, no bipartite begomoviruses were reported in the same regions. Based on PCR detection we demonstrated that three virus samples collected in Jiangsu and Zhejiang provinces from the diseased ramie plants contained a bipartite begomovirus. A search in the GenBank database showed that the full-length DNA-A components of isolates J4 and Z1 shared the highest nucleotide sequence identity (about 94%) with two isolates of an unassigned begomovirus and RamMV-[Hn] ). Generally, DNA-A component of begomovirus isolate showing sequence identity below the threshold value of 89% demarcates a distinct begomovirus species, while isolate showing more than 89% sequence identity is considered to be isolate of the same species (Fauquet et al., 2003) . According to the above criteria, the isolates J4 and Z1 were considered as two different isolates of RamMV. For the first time our results showed the presence of bipartite begomoviruses in these regions of China. A search in the GenBank database showed that the bipartite RamMV was firstly detected in ramie plants in Hunan, China. The tobacco-infecting strain of RamMV was further identified in Fujiang, China. The sampling places for RamMV in Zhejiang and Jiangsu provinces were quite isolated without crops within 100 meters and no begomovirus-like symptomatic plants were observed nearby. Hence, we think that RamMV is indigenous in these regions of China.
Similarity search in the GenBank database revealed that ToLCHV DNA-A segment (DQ866131) obtained from diseased tomato of Taiwan, shared approximately 94% sequence identity with DNA-A components of RamMV, suggesting that ToLCHV and RamMV belong to the same species. As RamMV was found to infect ramie in many provinces of China, we supposed that it was very likely that ramie might serve as an original host of ToLCHV. Therefore, we suggest to change the term Tomato leaf curl Hsinchu virus to the term Ramie mosaic virus.
